Introduction
============

Taiwan lies on the Tropic of Cancer, and its climate is marine tropical. The population in Taiwan is about 23.07 million people. Han Chinese made up the vast majority of people (98%) and the remaining minority was composed of Austronesian indigenous groups.[@B1] According to the Statistical Yearbook of Interior in 2012,[@B2] life expectancy of the total population at birth is 79.5 years (76.2 years in males and 83 years in females). The natural increase rate is 0.323%. The proportion of persons aged 65 or over is approximately 11% and aging index is 76.2% greater than the other Asia countries. All of the data shown that Taiwan\'s population is aging. The common health problems among older people are chronic diseases such as cardiovascular disease, stroke, and diabetes. The current health care system in Taiwan, known as National Health Insurance, was instituted on March 1st, 1995. The system provides equal access to health care for all inhabitants, and the population coverage had reached 99% by the end of 2004.[@B3] A large computerized de-identified database, termed National Health Insurance research databases (NHIRD), was derived from this system by the Bureau of National Health Insurance, Taiwan (BNHI) and maintained by the National Health Research Institutes, Taiwan. The NHIRD containing registration and original claim data for reimbursement is provided to scientists in Taiwan for research purposes. In 2012, there were 502 hospitals and 20,935 clinics in Taiwan. The availability of hospital beds per 10,000 people and physicians per 10,000 persons in 2012 was approximately 69 beds and 20 physicians, respectively. There is about 1 physician for 500 people, on average.

Stroke is the third leading cause of death in Taiwan. It is also considered as the most common cause of complex disability. Post-stroke disability may leave survivors unable to work, which can lead to serious financial issues for survivors and their families. According to the data from the Ministry of Health and Welfare,[@B4] the proportionate mortality of stroke is 7.2% in 2012. It is about 47 stroke deaths per minute. Using the 2000 WHO standard population, the annual age-standardized mortality rate of stroke is steadily decreasing from 57.8 to 30.8 per 100,000 between 2001 and 2012. Changes in stroke mortality rates are mainly attributable to the improvement of stroke survival, rather than incidence rates. There are 11,061 deaths from stroke (6,424 males and 4,635 females) in 2012. The average years of potential life lost before age 70 for stroke is 13.8 years, ranked the fifth in the cause of death. Stroke places a substantial burden on the national healthcare system, costing an estimated 475 million US dollars. Its national impact is predicted to be greater with aging population.

Stroke types and subtypes
=========================

Briefly speaking, stroke is caused by the interruption of blood supply to the brain or the rupture of blood vessels in the brain. Between 2006 and 2008, the Taiwan Stroke Registry, sponsored by the Ministry of Health and Welfare, engaged 39 academic and community hospitals to collect clinical data from 30,599 stroke admissions.[@B5] As shown in [Figure 1](#F1){ref-type="fig"}, this large scale stroke case surveillance program revealed that the most common type of stroke was ischemic stroke, accounting for almost 74% of all strokes. Other stroke types in order of frequency were intracerebral hemorrhage (ICH, 16.1%), transient ischemic attack (TIA, 6.7%), subarachnoid hemorrhage (SAH, 2.8%), and cerebral venous thrombosis (0.2%). According to the Trial of ORG 10172 in Acute Stroke Treatment (TOAST) criteria,[@B6] the majority of ischemic strokes subtype in Taiwan was small vessel occlusion (37.7%) followed by large artery atherosclerosis (27.7%), cardioembolism (10.9%), specific pathogenesis (1.5%), and undetermined pathogenesis (22.2%). Lee et al.[@B7] reported that ischemic stroke subtypes among young patients (18 to 45 years old) were 20.5% of small-vessel occlusion, 7.2% of large-artery atherosclerosis, 17.8% of cardioembolism, 22.3% of specific pathogenesis, and 23.5% of undetermined pathogenesis.

Stroke morbidity
================

Incidence
---------

A population-base study from Chen et al.[@B8] reported that there were approximately 230 incidence cases of hospitalization daily attributable to stroke during the period from 1 January 2001 to 31 December 2007. Previously, the stroke incidence was estimated by several population-based studies. Hu et al.[@B9] conducted a cohort study of 8,562 stroke-free people with 4-year follow up to observe new stroke occurrence. The average annual incidence rate of first-ever stroke for people aged 36 years or older in this study was 330 per 100,000 population. The other population-based stroke survey carried out in Kinmen between 1993 and 1996 reported that the average annual incidence rate of first-ever stroke for people aged 50 years or older was 527 per 100,000 population.[@B10] The studies of stroke incidence are summarized in [Table 1](#T1){ref-type="table"}.

Prevalence
----------

Hu et al.[@B11] reported the stroke prevalence for 8,705 people aged 36 or older was 16.42/1,000 population (95% CI=13.89-19.42/1,000) in 1986. The other studies estimated stroke prevalence of 14.27 per 1,000 in the people aged 35 or older using data from the 1994 National Health Interview Survey (NHIS)[@B12] and 19.3 per 1,000 people from 2001 NHIS.[@B13] In males, the stroke prevalence is 25.5 per 1,000 people, almost two-fold higher than the stroke prevalence in females (12.6 per 1,000 people).[@B12] The level of urbanization, gender, heart disease, hypertension, and diabetes were important contributory factors to the stroke prevalence in Taiwan.[@B12] The studies of stroke prevalence are summarized in [Table 1](#T1){ref-type="table"}.

Risk factors
============

Nonmodifiable risk factors
--------------------------

The unchangeable risk factors for stroke are age and gender. In a hospital-based study recruiting 1,085 stroke episodes in 1,021 patients between 2003 and 2005, the onset age was greater than 65 years in 66.6% of ischemic stroke patients.[@B14] According to the Taiwan Stroke Registry, the medium age of patients at the onset of ischemic stroke/TIA, ICH, and SAH were 69.9 years, 62.2 years, and 57.6 years, respectively.[@B5] Among ischemic stroke/TIA and ICH patients, the proportions of males were greater than females. However, in SAH, the cases were more common in females.

Modifiable risk factors
-----------------------

The important changeable risk factors for stroke are hypertension, diabetes, hyperlipidemia, obesity, atrial fibrillation, and smoking.

### Hypertension

Hypertension is a very common disease observed in the patients with ischemic stroke/TIA (79.2%) or ICH (84.9%). However, in the patients with SAH, the prevalence of hypertension was only 65.3%.[@B5] A prospective cohort study conducted by Lin et al.[@B15] investigated the associations between adherence to Dietary Approaches to Stop Hypertension (DASH) foods or nutrients and blood pressure or stroke risk in 1,420 and 2,061 Taiwanese adults during 1989 to 2002, respectively. They found that adhering to the DASH diet was beneficial for long term blood pressure control and reduction of stroke risk (HR \[hazard ratio\], 0.63; 95% CI, 0.41-0.98; *P*=0.037) in Taiwanese population. Another study using pregnant women as study cohort reported that women with hypertensive disorders in pregnancy had an increased risk of subsequent stroke (adjusted HR, 2.04; 95% CI, 1.18-3.51).[@B16] Among predictors for ischemic stroke in patients with atrial fibrillation, hypertension was the most powerful predictor except for prior TIA/stroke, and the magnitude of association (OR, 2.656; 95% CI, 2.140-3.296) was greater than observed in white populations.[@B17]

### Diabetes

The prevalence of type 2 diabetes has rapidly increased in the Taiwanese population, reaching 9.78% among adults aged 20-79 years in 2013.[@B18] Increasing levels of obesity in the general population in the past two decades may be one of the principal factors contributing to the elevated incidence of type 2 diabetes.[@B19] The prevalence of diabetes was 45.4% in ischemic stroke/TIA and 37% in hemorrhage stroke.[@B5] A Taiwanese population-based study showed that diabetes were significantly associated with ischemic stroke in patients with atrial fibrillation (OR, 1.341; 95% CI, 1.092-1.648).[@B17] Cheng et al.[@B20] randomly selected 14,856 patients with diabetes from the Taiwan National Health Research Institute database and followed up for 4 years to calculate their ischemic stroke incidence in two groups, one group used oral hypoglycemic agents metformin and the other without. The risk of ischemic stroke was substantially lower in the group with metformin use (9.2%) than in the group without metformin use (17.5%): adjusted HR (95% CI)=0.468 (0.424-0.518).

### Hyperlipidemia

Increasing body of evidence has demonstrated that hyperlipidemia is one of the well-defined and modifiable risk factors for ischemic stroke. The prevalence of dyslipidemia is about 49.4% in Taiwanese patients with ischemic stroke/TIA.[@B5] Among young ischemic stroke patients aged 15-45 years, the prevalence of hyperlipidemia was 53.1%.[@B7] It has been reported that every 1.0 mmol/L reduction in low-density lipoprotein cholesterol is associated with a corresponding 21% reduction in stroke.[@B21] Statins are medications used for the control of hypercholesterolemia.[@B22] A nationwide population-based study using the Taiwan NHIRD reported that after the multivariate Cox regression model analysis adjusted for age, gender, comorbidities, and concomitant medication use, use of statins in hemodialysis patients was associated with a lower risk of developing future ischemic stroke (HR, 0.49; 95% CI, 0.39-0.63) as compared to the hemodialysis patients without exposure to statins.[@B23]

### Obesity

General obesity for Taiwanese was defined as BMI≥27 kg/m^2^, corresponding to a similar degree of fat composition to whites with a BMI of 30.8.[@B24] According to a nationwide population-based survey conducted in Taiwan, obesity prevalence (BMI≥27) in 2002 was 19.2% in men and 13.4% in women.[@B25] Comparing the Taiwanese data with other countries, obesity prevalence was greater in Taiwan than in the other Asian countries, but less than in the western countries.[@B26] Data from the Cardiovascular Diseases Risk Factor Two-Township Study showed that the prevalence of obesity in ischemic stroke patients was 25% in males and 35% in females.[@B27] The authors also found that metabolic syndrome subjects with general obesity exhibited a greater risk of ischemic stroke.

### Atrial fibrillation

A community-based prospective cohort study among 3,560 Taiwanese participants conducted by Chien et al.[@B28] reported that atrial fibrillation prevalences were 1.4% in men and 0.7% in women. The authors also found that atrial fibrillation patients had nearly 4 times risk of stroke (age, gender-adjusted relative risk \[RR\], 3.87; 95% CI, 2.12-7.15) compared with those without atrial fibrillation. Another study conducted by Chao et al.[@B29] recruited 829 subjects with atrial fibrillation as study cohort and 8,290 study subjects without atrial fibrillation as control cohort. The control cohort was matched with study cohort by sex and age. The authors found that atrial fibrillation was a significant risk factor for ischemic stroke among females (HR, 7.77; 95% CI, 3.97-15.19). The event rates for female patients with and without atrial fibrillation were 4.4% and 0.7%, respectively. However, the event rates were similar between groups with and without atrial fibrillation for males. A possible interpretation for the gender difference in atrial fibrillation-related thromboembolism risk was that a higher von Willebrand factor level was observed in females with atrial fibrillation, but not in males with atrial fibrillation, as compared with that of non- atrial fibrillation patients.[@B30] In a hospital-based study of 947 patients with first-ever ischemic stroke, the prevalence of atrial fibrillation was significantly higher in elderly patients aged 80 years or older (29%) than in those aged less than 80 years (11%).[@B31]

### Smoking

According to the data from the Adult Smoking Behavior Surveillance System conducted by the Health Promotion Administration, Ministry of Health and Welfare in Taiwan, the smoking rate significantly dropped from 42.9% to 35% in males during 2004 to 2010.[@B32] However, no marked difference in smoking rate was observed in females, which was 4.6% in 2004 and 4.1% in 2010. Data from a prospective hospital-based stroke registry showed that the prevalence of smoking in ischemic stroke patients was 57.7% in males and 6.8% in females.[@B33] In a nationwide survey of health and living status of 2,600 residents aged 65 years or older in Taiwan, heavy smoking (≥20 cigarettes per day) was an independent risk factor for all stroke (OR, 1.71; 95% CI, 1.04-2.80) and cerebral infarction (OR, 1.72; 95% CI, 1.00-2.96).[@B34] In a hospital-based stroke registry among 2,650 acute ischemic stroke patients in Taiwan, it was found that smoking correlated with greater severity of ischemic stroke on admission particularly for the stroke subtype of small-vessel occlusion.[@B35] However, inverse association was observed between smoking and stroke severity of cardioembolism.

Stroke care in Taiwan
=====================

The standard treatment for acute ischemic stroke recommended by the Stroke Guidelines in Taiwan is providing the intravenous thrombolysis with recombinant tissue plasminogen activator (IV tPA) therapy for ischemic stroke patients within 3 hours of symptom onset. The major exclusion criteria for IV tPA therapy are age \>80 years old, anticoagulant user, the initial NIHSS \>25, and diabetes patients with prior history of stroke. According to the data from Taiwan Stroke Registry between 2006 and 2008,[@B5] only 8.84% of ischemic stroke patients who presented within 2 hours of symptom onset were given IV tPA treatment. Among patients with ischemic stroke or TIA, 94% were treated with antithrombotics during hospitalization and 85% were on antithrombotics at discharge. The rates of anticoagulation used for atrial fibrillation and lipid-lowering drug used at discharge were 28.28% and 38.69%, respectively, much less than the rates in the western countries. The discharge destination for majority of stroke cases were their homes, only a few of them went to nursing home. In order to improve acute stroke care quality, a Breakthrough Series-Stroke (BTS) activity was conducted by the Institute for Healthcare Improvement from August 2010 to July 2011 through a collaborative learning model focused on 14 performance indicators of stroke care among 24 hospitals in Taiwan.[@B36] One year after BTS activity, it was successful to improve the achievement rate of most performance indicators of stroke care. Since 2001, stroke centers have been increasingly established in medical centers of Taiwan. Most stroke centers have a multidisciplinary team composed of neurology, neurosurgery, emergency department, neurological radiology, rehabilitation, nursing department, outpatient department, department of nutrition, and social welfare department to provide effective, timely care to stroke victims.

Nationwide program for controlling risk factors
===============================================

Smoking is an important risk factor for stroke. The smoking rate among ischemic stroke patients was nearly 60% in males. Thus, smoking cessation should be an important initiative for stroke prevention. In January 2009, the Taiwan government amended the 1997 Tobacco Hazards Prevention Act by extending smoke-free areas to almost all enclosed work-places and public places, printing graphic health warnings on cigarette packages, totally banning tobacco advertisements, promotion and sponsorship and increasing tobacco taxes. The implementation of the 2009 Act was reported to be associated with the increased quit attempt rate and the increased annual cessation rate.[@B37] The quit attempt rate raised significantly from 39.4% to 42.9% between 2007 and 2010. Furthermore, the annual cessation rate elevated significantly from 7.1% to 8.9%. Obesity is the other important risk factor of stroke. The prevalence of obesity in ischemic stroke patients was about 25% in males and 35% in females. In order to decrease obesity rate, a nationwide weight-loss program was conducted by Health Promotion Administration from 2011 to 2013 in Taiwan. A series of healthy-living campaigns were used to encourage people to exercise more and eat healthily. In this three-year program, more than a million Taiwanese lost 2.2 m kg.[@B38]

In summary, stroke was the third leading cause of death and the main cause of disability in Taiwan. Majority of stroke was ischemic stroke. Small vessel occlusion was the most common ischemic stroke subtype. The recommend treatment for acute ischemic stroke patients within 3 hours of symptom onset is IV tPA. However, the rate of IV tPA therapy in Taiwan was still far behind than the rate in the western countries. Therefore, in order to increase the tPA treatment rate, increasing the public awareness of stroke warning signs and act on stroke and improving in-hospital critical pathway for thrombolysis would be the most important and urgent issues in Taiwan.
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